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Description 



[POLYSILICON THIN FILM TRANSISTOR 
AND METHOD OF FORMING THE SAME] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 91122107, filed on September 26, 
2002. 

Background of Invention 
[0002] Field of Invention 

[0003] jhe present invention relates to a thin film transistor and 
manufacturing method thereon. More particularly, the 
present invention relates to a polysilicon thin film transis- 
tor and method of forming the same. 

[0004] Description of Related Art 

[0005] D ue to rapid progress in electronic technologies, digitized 
video or imaging device has become an indispensable 
product in our daily life. Among the video or imaging 
products, displays are the principle devices for providing 



information. Through a display device, a user is able to 
obtain information or to control various operations. To fa- 
cilitate the users, most video or imaging equipment is 
now designed with a slim and fairly light body. With 
breakthroughs in opto-electronic technologies and ad- 
vances in semiconductor fabrication techniques, flat panel 
type of displays such as a thin film transistor liquid crystal 
display (TFT- LCD) are now in the market. 
[0006] Recently, a technique for forming a thin film transistor 
liquid crystal display fabricated having polysilicon thin 
film transistors has been developed. The thin film transis- 
tor in this type of display has electron mobility much 
greater than a conventional amorphous silicon (a-Si) type 
of thin film transistor. Since a display with a smaller thin 
film transistor and a larger aperture ratio can be pro- 
duced, a brighter display with lower power consumption is 
obtained. Moreover, due to the increase in electron mobil- 
ity, a portion of the driving circuit and the thin film tran- 
sistor may be fabricated on a glass substrate together at 
the same time. Thus, reliability and quality of the liquid 
crystal display panel is improved and the production cost 
relative to a conventional amorphous silicon type of thin 
film transistor liquid crystal display is much lower. Fur- 



thermore, because polysilicon is a lightweight material 
with the capacity to produce high-resolution display with- 
out consuming too much power, polysilicon thin film 
transistor display is particularly appropriate for installing 
on a portable product whose body weight and energy 
consumption is critical. 
[0007] Earlier generations of polysilicon thin film transistor were 
fabricated using solid phase crystallization (SPC) method 
at temperature higher than 1000°C. With such a high pro- 
cessing temperature, a quartz substrate must be used. 
Since a quartz substrate costs more than a glass substrate 
and is also subject to dimensional limitation (not more 
than 2 to 3 inches in size), polysilicon thin film transistor 
is only used in small panel display. Now, with the devel- 
opment of laser and maturation of laser crystallization or 
excimer laser annealing (ELA) techniques, an amorphous 
silicon film can be easily re-crystallized into polysilicon 
through a laser scanning operation at a temperature be- 
low 600°C. Hence, a glass substrate suitable for forming 
conventional amorphous silicon TFT- LCD can also be used 
to fabricate a polysilicon TFT- LCD having larger panel 
size. Because a lower fabrication temperature is required, 
this type of polysilicon is often referred to as a low tern- 



perature polysilicon (LTPS). 

[0008] pigs. 1A to 1C are cross-sectional views showing the pro- 
gression of steps for fabricating a conventional polysilicon 
thin film transistor. First, as shown in Fig. 1A, a poly-is- 
land layer 102 is formed over a substrate 100. A gate in- 
sulation layer 104 is formed over the poly-island layer 
102. Because the poly-island layer 102 is formed by re- 
crystallizing an amorphous silicon using a laser crystal- 
lization or excimer laser annealing (ELA) process, the 
poly-island layer 102 contains numerous crystalline de- 
fects that often trap mobile electrons. 

[0009] As shown in Fig. IB, a gate 106 is formed over the gate 
insulation layer 104. The gate 106 sits directly on top of 
that portion of the poly-island layer 102 destined to form 
a channel region. Thereafter, using the gate 106 as a 
mask, an ion implantation 108 is carried out to form 
source/drain regions 102a in the poly-island layer 102 
outside the gate-covered region. 

[0010] jo reduce the number of crystalline defects in the poly- 
island layer 102, a hydrogen-rich silicon oxide layer 110 
is formed over aforementioned layers as shown in Fig. 1C. 
The hydrogen-rich silicon oxide layer 110 is annealed so 
that the hydrogen atoms within the oxide layer 110 are 



diffused into the crystalline defects within the poly-island 
layer 102. In addition, the oxide layer 110 also serves as 
an inter-layer oxide inside the polysilicon thin film tran- 
sistor. However, this type of polysilicon thin film transistor 
has very little leeway for additional improvement of elec- 
trical characteristics. 
Summary of Invention 

[0011] Accordingly, one object of the present invention is to pro- 
vide a polysilicon thin film transistor and fabricating 
method thereof that can improve the electrical character- 
istics of the polysilicon thin film transistor. 

[0012] a second object of the invention is to provide a polysilicon 
thin film transistor and fabricating method thereof that 
can reduce threshold voltage (Vt) and increase electron 
mobility of both N-type thin film transistor (N-TFT) and 
P-type thin film transistor (P-TFT). 

[0013] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a polysil- 
icon thin film transistor. The polysilicon thin film transis- 
tor comprises a poly-island layer, a gate, a gate insulation 
layer and an inter-layer dielectric layer that includes an 
oxide layer and a silicon nitride layer. The gate is formed 



over the poly-island layer. The gate insulation layer is lo- 
cated between the gate and the poly-island layer. The ox- 
ide layer within the inter-layer dielectric layer is formed 
over the gate and the gate insulation layer. The silicon ni- 
tride layer within the inter-layer dielectric layer is formed 
over the oxide layer. The oxide layer and the silicon ni- 
tride layer of the inter-layer dielectric layer have a thick- 
ness relationship given by the following inequality: T 

ox 

>(T X 9000A) 1/2 ; Here, T represents the thickness 

nitride ox 

of the oxide layer (in A); T represents thickness of 

nitride 

the silicon nitride layer and that 50A < T <1000A. 

nitride 

[0014] This invention also provides a method of fabricating a 

polysilicon thin film transistor. First, a poly-island layer is 
formed over a substrate. Next, a gate insulation layer is 
formed over the poly-island layer. Thereafter, a gate is 
formed over the gate insulation layer above a section of 
the poly-island layer destined to form a channel region. 
Using the gate as a mask, an ion implantation of the poly- 
island layer is carried out to form a source/drain region in 
the poly-island layer outside the channel region. An oxide 
layer and a silicon nitride layer, together serving as an in- 
ter-layer dielectric layer, are sequentially formed over the 
substrate. The oxide layer and the silicon nitride layer of 



the inter-layer dielectric layer have a thickness relation- 
ship given by the following inequality:T >(T X 

ox nitride 

i / ~) 

9000A) ; Here, T represents the thickness of the oxide 

ox 

layer (in A); T represents thickness of the silicon ni- 

nitride 

tride layer and that 50A < T <1000A. 

nitride 

[0015] | n this invention, electrical properties of a polysilicon thin 
film transistor are improved through forming an inter- 
layer dielectric layer that includes an oxide layer and a ni- 
tride layer as well as manipulating the thickness relation- 
ship between the oxide layer and the nitride layer. 

[0016] ^ is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 
Brief Description of Drawings 

[0017] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0018] pigs. 1A to 1C are cross-sectional views showing the pro- 
gression of steps for fabricating a conventional polysilicon 



thin film transistor. 

[0019] pig. 2 is a schematic cross-sectional view of a polysilicon 
thin film transistor according to one preferred embodi- 
ment of this invention. 

[0020] pigs. 3A to 3C are cross-sectional views showing the pro- 
gression of steps for fabricating the polysilicon thin film 
transistor shown in Fig. 2. 

[0021] Figs. 4 and 5 are graphs showing the variation of thresh- 
old voltage and electron mobility with thickness of the sil- 
icon nitride layer for N-type and P-type polysilicon thin 
film transistors respectively. 
Detailed Description 

[0022] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0023] Fig. 2 is a schematic cross-sectional view of a polysilicon 
thin film transistor according to one preferred embodi- 
ment of this invention. As shown in Fig. 2, the polysilicon 
thin film transistor of this invention is formed over a sub- 
strate 200. The polysilicon thin film transistor comprises a 



poly-island layer 202, a gate 206, a gate insulation layer 
204 and an inter-layer dielectric (ILD) layer 214 that in- 
cludes an oxide layer 210 and a nitride layer 212. The 
poly-island layer 202 includes a channel region 202a un- 
derneath the gate 206 and source/drain regions 202b on 
each side of the channel region 202a. In addition, when 
the polysilicon thin film transistor is an N-type polysilicon 
thin film transistor, a lightly doped drain (LDD) structure 
202c may be formed between the channel region 202a 
and the source/drain regions 202b. The aforementioned 
layers are arranged such that the gate 206 is formed over 
the channel region 202a of the poly-island layer 202 and 
the gate insulation layer 204 is formed between the gate 
206 and the poly-island layer 202. The oxide layer 210 of 
the inter-layer dielectric layer is formed over the gate 206 
and the gate insulation layer 204 and the nitride layer 212 
is formed over the oxide layer 210. The oxide layer 210 
and the nitride layer 212 of the inter-layer dielectric layer 
214 have a thickness relationship given by the following 
inequality: T >(T X 9000A) 1/2 ; Here, T represents 

ox nitride ox 

the thickness of the oxide layer 2 10 (in A); T repre- 

nitride 

sents thickness of the nitride layer 212 and that 50A < T 
<1000A. 

nitride 



[0024] pigs. 3A to 3C are cross-sectional views showing the pro- 
gression of steps for fabricating the polysilicon thin film 
transistor shown in Fig. 2. As shown in Fig. 3A, a poly- 
island layer 302 is formed over a substrate 300. The poly- 
island layer 302 is formed, for example, by depositing 
amorphous silicon over the substrate 300 and conducting 
a laser crystallization or excimer laser annealing (ELA) 
process. Thus, the amorphous silicon melts and re- 
crystallizes at a temperature of about 600°C into polysili- 
con. Thereafter, photolithographic and etching processes 
are carried out to form the poly-island layer 302 as shown 
in Fig. 3A. A channel ion implantation process may also be 
carried out to dope the poly-island layer 302. According 
to the type of ionic dopants used in the implantation, N- 
type or P-type channel is produced. Thereafter, a gate in- 
sulation layer 304 is formed over the poly-island layer 
302. The gate insulation layer 304 is formed, for example, 
by conducting a plasma-enhanced chemical vapor deposi- 
tion (PECVD). 

[0025] As shown in Fig. 3B, a gate 306 is formed over the gate 
insulation layer 304 above an area destined for forming 
the channel region 302a. Using the gate 306 as a mask, 
an ion implantation 308 of the poly-island layer 302 is 



carried out to form source/drain regions 302b in the 
poly-island layer 302 outside the channel region. The ion 
implantation 308 is conducted using ionic beams contain- 
ing ions such as arsenic, phosphorus or boron accelerated 
to a suitable energy level. The ionic beam penetrates 
through the gate insulation layer 204 on each side of the 
gate 206 to form P+-type or N+-type source/drain re- 
gions in the poly-island layer 302. Furthermore, a lightly 
doped drain (LDD) structure 302c may also be formed be- 
tween the source/drain region 302b and the channel re- 
gion 302a. 

[0026] As shown in Fig. 3C, an oxide layer 310 and a nitride layer 
312 are sequentially formed over the gate 306 and the 
gate insulation layer 304. The oxide layer 310 and the ni- 
tride layer 312 together serve as an inter-layer dielectric 
layer 314. The oxide layer 310 and the nitride layer 312 of 
the inter-layer dielectric layer 314 have a thickness rela- 
tionship given by the following inequality: T >(T X 

ox nitride 

9000A) 1/2 ; Here, T represents the thickness of the oxide 

ox 

layer 310 (in A); T represents thickness of the nitride 

nitride 

layer 312 and that 50A < lOOOA. 
[0027] jo s how the improvement in electrical characteristics of 
the polysilicon thin film transistor fabricated according to 



this invention, refer to the graphs in Figs. 4 and 5. Figs. 4 
and 5 are graphs showing the variation of threshold volt- 
age (Vt) and electron mobility with thickness of the silicon 
nitride layer for N-type and P-type polysilicon thin film 
transistor (TFT) respectively. As shown in Figs. 4 and 5, 
the threshold voltage for N-type TFT is about 5V, the 
threshold voltage for P-type TFT is about 6.5V, the elec- 
tron mobility of N-type TFT is about 60 cm 2 /V-sec and 
the electron mobility of P-type TFT is about 80 cm 2 /V-sec 
before adding a nitride layer (that is, the nitride layer has 
zero thickness). With the addition of a nitride layer, abso- 
lute value of the threshold voltage 



i (N) 



of both N-type and P-type TFT drops with increase in 
thickness of the nitride layer and the electron mobility of 
the N-type and P-type TFT increases with increase in 
thickness. 

[0028] As observed in Figs. 4 and 5, there is prominent improve- 



ment in the electrical characteristics of the TFT as thick- 
ness of the nitride layer is increased beyond 50A. When 
thickness of the nitride layer approaches 1000A, the 
threshold voltage and the electron mobility of both N-type 
and P-type polysilicon TFT remains near constant values. 
Hence, with due consideration regarding the overall size 
of a device, the nitride layer preferably has a thickness 
below 1000A so that property improvements will not 
counter device miniaturization. 

[0029] | n conclusion, this invention improves the electrical prop- 
erties of a polysilicon thin film transistor by forming an 
inter-layer dielectric layer that includes an oxide layer and 
a nitride layer and optimizing the thickness relationship 
between the oxide layer and the nitride layer. 

[0030] it W i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



